The Phoridae is known as 'scuttle flies' because they walk in rapid bursts of movement with short pauses between. In this study, larval locomotive behavior and development was characterized in the phorid, Megaselia scalaris. Comparison was made with the well-characterized fruit fly model, Drosophila melanogaster. Developmentally, the rate of maturation was consistently slower for Megaselia than Drosophila. This disparity was exaggerated at lower temperatures, particularly during larval development. In addition to slower growth, movements in Megaselia were also slower, as evidenced by reduced rates of larval body wall contractions and mouth hook movements. Megaselia larvae also displayed a unique behavior of swallowing air when exposed to a small pool of liquid. This permitted floating upon immersion and, therefore, might prevent drowning in the natural environment. The anatomical and physiological properties of a neuromuscular junction in the phorid larvae were also examined. The innervation of the motor nerve terminals on the ventral abdominal muscle (m6) is innervated by Type Ib and Is axons, similar to Drosophila. As in Drosophila, the Is terminals produce larger excitatory postsynaptic potentials (EPSPs) than the Ib. The amplitudes of the EPSPs in M. scalaris were reduced compared to those of D. melanogaster, but unlike D. melanogaster the EPSPs showed marked facilitation when stimulated with a 20 Hz train. We conclude that there may be differences in synaptic structure of the nerve terminals that could account for the different electrophysiological behaviors. ᮊ
Introduction
The genetics, development, learning, behavior and synaptic physiology of the neuromuscular junctions have been examined for decades in the fruit fly model, Drosophila melanogaster. However, other fly families show interesting characteristics that are not seen in Drosophila. Included among these are particular behaviors that may offer insights into different sensory, motor and *Corresponding author. Tel.: q1-859-257-5950; fax: q1-859-257-1717.
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behavioral mechanisms and their underlying neural development and function. For example, the phorid fly, Megaselia scalaris, shows an unusual adult locomotory behavior. This species walks in short bursts with periods of rest between, hence giving phorids, the common name of 'scuttle flies' (Miller, 1979) . To date, the physiological basis of this phenomenon remains to be determined. Phorids are a diverse family in which some species have distinctive wing venation, while others may have reduced wings or no wings at all (Disney, 1994) . Basic development of the common phorid species M. scalaris has been studied with regard to sex determination (Traut, 1994) , oogenesis (Disney, 1994; Greenberg and Wells, 1998) , fecundity (Benner, 1985) and spermatogenesis (Wolf et al., 1993) . Also, descriptions of growth rates in the wild have proven useful in forensic investigations (Greenberg and Wells, 1998) . However, because of the specific interest in forensic applications, these growth rates for larval M. scalaris have previously been determined using ground meat as a dietary source (Greenberg and Wells, 1998) . Because phorids can thrive on a tremendous variety of food sources, we examined growth on a standard cornmeal-based diet commonly used for rearing Drosophila. Investigation of developmental rates showed that although, the initial egg and final adult sizes of males are very similar between the two species, the life cycle is significantly longer and the larvae and pupae are much larger for M. scalaris.
The characteristic locomotion of the adult M. scalaris has been well documented. Using highspeed video recording, it has been shown that both sexes have the distinctive scuttling behavior, though the males have a greater tendency for continuous movements (Miller, 1979) . However, the mechanisms underlying this behavior and the ability to modulate this locomotive pattern by endogenous or external environmental conditions have not been determined. In contrast to the adults, phorid larvae show fluid and continuous movements that are typical of other fly species. To determine whether neuroanatomy and neurophysiology of phorid larvae are also similar to other fly species, a representative neuromuscular junction was examined. We investigated innervation profiles of the motor neurons on the larval body wall muscles (m6 and m7) and characterized the synaptic properties of the neuromuscular junctions of these muscles. The m6 and m7 abdominal muscles and their associated neuromuscular junctions are the most studied muscles of larval D. melanogaster for neural development, target recognition, synaptic plasticity and synaptic physiology. We conclude that although, there are strong similarities in neuroanatomy of these junctions, there are several differences in the physiology of M. scalaris, including decreased excitatory postsynaptic potentials (EPSPs) and facilitation of EPSPs in response to a train of stimulatory pulses.
Lastly, in the course of behavioral analysis, we noted a unique behavior in M. scalaris larvae. When the phorid larvae are placed in shallow liquid, they rapidly swallow air, producing bubbles in the gut. We suggest that such behavior may have adaptational value for the species in damp environments, providing buoyancy that may allow the larvae to float in shallow water.
Methods

Fly stock and staging of larvae
A common wild-type laboratory strain of D. melanogaster, Canton S, was compared with a native strain of M. scalaris, which was collected on the University of Kentucky campus (Lexington, KY). Synchronous egg collections were made over 2 h periods on apple juice-agar plates with yeast paste. The eggs were transferred to a standard cornmeal-agar medium (Lewis, 1960) and allowed to hatch and develop with a 12:12 darklight cycle. The developmental studies were carried out at 18 and 25 8C. These two temperatures were chosen as representative of the diverse conditions in which these two species thrive. Also, a substantial amount of data is known for larval development of Drosophila at these temperatures in defined conditions, which provides a means for additional comparisons (Li et al., 2002) . The methods used to stage fly larvae have been described previously (Campos-Ortega and Hartenstein, 1985) . All the animals were reared in vials with the same cornmeal-agar-dextrose-yeast medium used to rear Drosophila (Lewis, 1960) .
Behavioral assays
Early 3rd instar larvae were used for behavioral assays. Feeding and locomotory behavior was assessed in both species as described in Neckameyer (1996) . In brief, single animals were placed on a 2% agar surface and the number of body wall contractions was counted for 2 min, after which an animal was placed in a 2% yeast solution overlaid on an agar plate. In this condition, Drosophila larvae immediately fed, initiating a pattern of repetitive mouth hook movements. At least 10 animals were assayed in three independent experiments for the number of full mouth hook contractions in 2 min (Sewell et al., 1975) . Behavioral data had previously been gathered at 25 8C for Drosophila, which allows additional comparisons to be made with M. scalaris (Neckameyer, 1996) .
Anatomy of the neuromuscular junctions (NMJs)
Morphology of the motor nerve terminals on muscle m6 was examined using fluorescentlylabeled anti-HRP viewed by confocal microscopy (Johansen et al., 1989) . Fluorescent images of the nerve terminals were viewed with a Leica DM RE upright fluorescent microscope using a 40= water immersion objective. The composite images of the Z-series were collected with a Leica TCS NTySP confocal microscope for illustration. The Leica software was used to digitize the images.
Electrophysiology
The preparations were taken from early and late 3rd instar larvae staged as described above. The larval dissections were performed as described in Cooper et al. (1995b) . The recording arrangement and solutions are as previously described Neckameyer and Cooper, 1998 The fEPSP synaptic potentials were obtained using the loose patch technique by lightly placing a 10-20 mm fire polished glass electrode directly over a spatially isolated varicosity along the nerve terminal that were viewed under a 40= water immersion lens (Nikon, NA 0.55). The macropatch electrode is specific for recordings within the region of the electrode lumen. The seal resistance was in the range of 100 KV to 1 MV. The evoked fEPSPs and field miniature excitatory postsynaptic potentials (fmEPSPs) were recorded to VHS tape and directly to MacLab Scope software (ver. 3.5.4) for calibration and measurement.
Results
Growth
In D. melanogaster, overall larval growth is gradual, without large punctuate jumps between instars (Alpatov, 1929; Morgan, 1926; Plunkett, 1926) . This gradual growth also holds true specifically for discrete muscle groups (Li et al., 2002) . Development of the M. scalaris larvae also shows this progressive increase in size, however, Megaselia have longer bodies as larvae and pupae as compared to identically reared Drosophila (Fig.  1 ). This size difference is particularly dramatic by the pupal stage (Fig. 1c) . Interestingly, the eggs of Megaselia are only slightly larger than D. melanogaster, with distinctly different morphology of the chorion (Fig. 1a) . Furthermore, the adult males of the species are also very similar in size. Therefore, despite great disparity in sizes of the intermediate stage animals, the beginning embryos and resulting adult males are quite similar in D. melanogaster and M. scalaris. In contrast, the phorid females are much larger than either the males or the D. melanogaster females. Although D. melanogaster females are larger than males, this sexual dimorphism is much more pronounced in M. scalaris. It should be noted that M. scalaris is a scavenger species and can grow in the wild on a variety of media, including rotting meat. In the laboratory, this species is also reared on various food sources, but is frequently grown on a modified Drosophila medium consisting of a cornmealbased food supplemented with a small piece of meat (Willhoeft and Traut, 1990) . However, for the purposes of this study, both species were reared on an identical diet, comprised of a standard cornmeal-agar Drosophila medium without any meat.
Consistent with their greater size, the phorids developed more slowly than Drosophila. Comparison was made in the developmental rate through embryonic hatching and through to pupation for M. scalaris and D. melanogaster at both 18 ( embryonic and larval growth is approximately 1.5 times longer in the phorids than in Drosophila reared at 25 8C (Fig. 2c) . The relative rate also holds for embryonic development of the two species at 18 8C. However, larval development is dramatically slower (three-fold) for phorids than for Drosophila at 18 8C (Fig. 2b ) . The extended 1 larval stages of M. scalaris as compared with D. melanogaster likely reflect the substantially greater amount of growth required in the phorids to reach pupariation. Both species tend to pupariate out of the food in a dry location, such as on the lid or walls of the growth chambers.
General behaviors
Since the adult locomotive behavior is so strikingly different between these two species, we predicted that there may be some difference in larval movement. To test this prediction, two standard behavioral assays of body movements were used: the rate of body wall contraction and the rate of mouth hook movements (Neckameyer, 1996) . Animals in the early wandering 3rd instar were used for both species. In contrast to adult locomotion, the movements of phorid larvae are fluid and continuous. Yet, in comparison with Drosophila larvae, the locomotor behavior of the body wall contractions was substantially reduced for M. scalaris at 18 8C ( Fig. 3a ; P -0.05, t-test, 1 ns20), though not significantly different at 25 8C (Fig. 3a ) . Even more notable differences were 2 observed in the number of mouth hook movements when the larvae were exposed to a 2% yeast solution overlaid on an agar plate. M. scalaris are less active in eating the food, and thus they have hatching (H ) and for 50% of the larvae to develop from egg deposition to pupariation (P ) is indicated for each species at each 50 50 temperature (c).
fewer mouth hook movements than D. melanogaster (P-0.05, t-test, ns20; Fig. 3b and b ). The 1 2 differences are greater at 25 8C than at 18 8C. The reduced feeding rate in M. scalaris is because larvae expended effort in swallowing air when placed on a yeast solution that was nearly able to immerse the animal. D. melanogaster did not elicit this type of behavior, yet both species were able to breathe under these conditions by raising the spiracles out of the solution to maintain access to air. This air swallowing in M. scalaris caused the gut to fill with air bubbles (Fig. 4) . Because this behavior was only observed upon exposure to a liquid environment, we hypothesized that this might be a survival strategy to allow the animal to float if immersed. To test this idea, we exposed both M. scalaris and D. melanogaster to the 2% yeast solution used for the behavioral assay for 10, 20 or 60 min. This afforded the larvae an opportunity to swallow air. Afterwards, we placed the larvae into a 100 ml beaker containing room temperature water (80 ml). All of the D. melanogaster (ns60) sank to the bottom and died after a short time, whereas many of the M. scalaris larvae fared much better. After only a 10 min preexposure to yeast paste, eight out of 10 larvae sank rapidly, while the remaining two were unable to float and bobbed within the water column. After a 20 min pre-exposure, 11 out of 20 larvae floated (10 entirely on the surface and one within the water column), and even after 30 min in the water, only 50% sank and died. When given a 60 min pre-exposure in yeast paste, nine out of 10 larvae floated and survived for 30 min in water. When a flat wooden ramp (i.e. a clinical type of tongue depressor) is placed in the beakers, the floating larvae of M. scalaris crawled up on the wood and were able to fully escape the water. We conclude that the air swallowing response can be a successful means of preventing drowning, depending upon the amount of time permitted before complete immersion.
Anatomy of larval muscle and NMJs
The innervation pattern for the neuromuscular junctions on muscle six (m6) and muscle seven (m7) within abdominal segment four is different in late 3rd instar M. scalaris than for D. melanogaster. In Drosophila, the terminals are primarily Type I endings from the two major axons (Is and Ib) (Atwood et al., 1993) . The two neurons innervate m6 and m7 in the region, where the two muscles are in close apposition to one another. The terminals of the axons branch from this apposition point on to the muscle (Fig. 5a) . In M. scalaris, a nerve branch innervating m6 frequently arises from a lateral edge of the muscle (Fig. 5b,  double arrow) . In addition, it is unusual to observe in D. melanogaster such separation in the two nerve terminals as seen often in M. scalaris (Fig.  5b) . As for D. melanogaster, the anatomic profiles of the terminals match the Is and Ib terminal classification for M. scalaris. The type Ib (big) terminals have large varicosities as compared to the Type Is (small) terminals with smaller varicosities.
Synaptic physiology at the NMJ
We assessed the synaptic transmission of the neuromuscular junctions of M. scalaris in comparison to D. melanogaster for two well established motor neurons. The terminals of the Ib and Is motor neurons are well known in structure and function in D. melanogaster and for a species of flesh fly, Sarcophaga bullata (Feeney et al., 1998 ), so we chose to investigate these two motor nerves on muscle six within the 4th abdominal segment in M. scalaris for comparative physiological purposes. The Ib axon produces smaller EPSPs than the Is axon in both M. scalaris and D. melanogaster. Fig. 6a shows representative examples of the EPSPs of a larva in the late 3rd instar. To compare differences and variability between species, the mean and S.E.M. for the composite EPSPs (Ibq Is) are shown (Fig. 6c) . The amplitudes of the composite responses were significantly lower in M. scalaris as compared to D. melanogaster (P-0.05, t-test, ns13). The individual responses of the Ib (5.6 mV mean"0.5 S.E.M.) and Is (11.2 mV mean"0.9 S.E.M.) responses were also lower in M. scalaris as compared to the Ib (14.6 mV mean"0.8 S.E.M.) and Is (25.8 mV mean"1.3 S.E.M.) in D. melanogaster (P-0.05, ns13). The same physiological saline (HL3) was used to examine physiological profiles in both species. The saline was developed for D. melanogaster but also appeared sufficient for M. scalaris. The average values for the resting membrane potentials were less negative in M. scalaris as compared to D. melanogaster (Fig. 6d) . Additional characterization of the synaptic efficacy was carried out in the presence of short stimulus trains. Trains of four pulses delivered at 20 Hz are a commonly used paradigm in physiologic studies of D. melanogaster. With this stimulation paradigm in M. scalaris, an unexpected result occurred. The amplitude of the EPSPs within the response train facilitated (Fig. 6b) . In D. melanogaster, the EPSP responses depress in size, thus producing a negative facilitation index (Fig. 6b) . The facilitation index for the two species is shown in Fig. 6e . In all the measures indicated, there is a significant difference (P-0.05) between the two species.
To determine if a difference in the muscle fiber input resistance might contribute to the differences of the EPSP amplitudes between the species, measures were taken in the same conditions for both species. The input resistance for M. scalaris was on average 7.6 MV ("1.1 MV, S.E.M.; ns6) and for D. melanogaster, the input resistance under the same conditions has been reported to be on average 7.5 MV ("0.3 MV, S.E.M.; ns6; Stewart et al., 1996) . Thus, there is no significant difference in muscle fiber input resistance between the two species.
To quantify the field recorded excitatory postsynaptic potentials (fEPSPs), focal macropatch recordings were made over selective regions of the Ib and Is nerve terminals. To insure that the fEPSPs and EPSPs corresponded with the selective stimulation, the Ib or Is axons, EPSPs were recorded in muscle seven (m7), while fEPSPs were recording Fig. 7 . In order to match synaptic transmission with terminal types, simultaneous fEPSPs and intracellular obtained EPSPs recordings are made while recruiting selectively the axons of the segmental nerve (sn). The EPSPs were monitored in m7, while the fEPSPs were monitored over the two terminal strings of small (Is) or large (Ib) varicosities on m6 (a). The fEPSPs obtained from small varicosities were only observed when the small EPSP or compound EPSP was recorded, but not the single large EPSP (b). In contrast, the fEPSPs obtained from large varicosities were only observed when the large EPSP or compound EPSP was recorded, but not the small large EPSP (c). Scale bars are in mV for the EPSPs and the fEPSPs (in parentheses). from selective varicosities of the two types of terminals on m6. The axons of Ib and Is bifurcate to innervate both m6 and m7 muscles within each hemi-segment. This stimulation and selective recording procedure was similar to that described by Kurdyak et al. (1994) in differentiating the responses from Ib and Is terminals in Drosophila except that we recorded EPSPs in m6. The modified procedure allowed more varicosities to be sampled on m6 without producing damage at the site of recordings (Fig. 7) . We consistently observed that the Is terminals produced larger fEPSPs with more multiples of quantal content than the Ib terminals ( Fig. 8a and b) . This is observed for both species and has previously been well documented in D. melanogaster (Kurdyak et al., 1994; Stewart et al., 1994; Cooper et al., 1995b) . The field potentials recorded directly over Fig. 8 . To quantify the field excitatory postsynaptic potentials (fEPSPs), focal macropatch recordings were made over visualized varicosities on the nerve terminals. The Ib terminals (a) produces smaller fEPSPs with fewer multiples of quantal content than the Ib terminals (b). This is observed for both species and has been well documented in D. melanogaster (Kurdyak et al., 1994; Stewart et al., 1994; Cooper et al., 1995b) . The stimulus artifact is followed by the evoked fEPSP and in the some instances, a spontaneous quantal event or field miniature EPSP (fmEPSP) is recorded. An ensemble average of 400 evoked responses while recording from a single Ib or a Is varicosity is shown. The Is varicosities on average have a greater quantal content per evoked event (c). The scales are the same for a and b.
the Ib varicosities would depict release of only single quanta or failures when evoked for M. scalaris. This is not a common occurrence for Ib terminals in D. melanogaster, since multiple quantal are revealed during an evoked stimulus and rarely are failures in release observed. The single quantal size is observed by recording spontaneous or field miniature recorded excitatory postsynaptic potentials (fmEPSPs) as seen later in the traces for both the Ib and Is responses (Fig. 8a and b) . Averages of 400 evoked trials depict the overall difference in synaptic efficacy for the varicosities on the Ib and Is terminals. The average of evoked fEPSPs for the Ib is markedly smaller than that for the Is terminals (Fig. 8c) .
Discussion
Although, there are distinct morphological differences between M. scalaris and D. melanogaster, both develop from eggs of very similar size that grow to be adults that are comparable in size, at least for males (M. scalaris adult females are substantially larger than males or D. melanogaster of either sex). Yet along the way, the larvae and pupae of Megaselia are much larger than comparably staged Drosophila. Consistent with the larger larval and pupal sizes, the larval development of M. scalaris is strikingly slower at 18 8C and somewhat slower at 25 8C than that of D. melanogaster under the same environmental conditions. The exaggerated disparity between the species at 18 8C may indicate that M. scalaris is more stressed at that lower temperature than D. melanogaster.
In an earlier study (Greenberg and Wells, 1998) , in which M. scalaris was raised on ground beef, the average minimum times to pupariation at various temperatures were approximately 100 h (29 8C), 155 h (22 8C) and 200 h (19 8C). In our study, pupariation started approximately 250 h at 25 8C and 420 h at 18 8C, when larvae were maintained on a cornmeal diet. Though it is impossible to make quantitative comparisons between these separate experiments, partly because the rearing temperatures used were different, we can make estimates of the growth by extrapolation from these data. Based on the times to pupariation at 29 and 22 8C, we know that the time to pupariation at 25 8C when reared on ground meat must be between 100 and 155 h, and most likely would be approximately 130 h. When compared with the 250 h required to reach pupariation on a cornmeal diet, we must conclude that M. scalaris grows substantially faster on meat than the vegetable-based food used in this study. Thus, in spite of the capability of this phorid to survive on a wide variety of media, there is a clear difference in the quality of these two types to support optimal growth of M. scalaris. However, this does not indicate that M. scalaris grows poorly on the cornmeal medium. Although, they develop more slowly than animals raised on meat, even the cornmeal-based food supports robust proliferation of these phorids, producing large numbers of viable progeny.
Significant differences in specific behaviors of M. scalaris and D. melanogaster were also noted. The rates of body wall contractions and mouth hook movements are both slower in M. scalaris. However, the substantially slower mouth hook movements in M. scalaris are due, at least in part, to replacement of feeding activities with a novel and unexpected behavior: larvae swallow air when exposed to an aqueous environment. This behavior permits the larvae to float, even in deep pools of liquid, if permitted sufficient time to gulp air prior to being exposed to deeper water. This would appear to be a successful survival strategy in the event that larvae become immersed in liquid in their environment. This might be particularly effective in situations where a larva may be trapped in a gradually increasing volume of liquid, such as during a rainstorm. However, based on our tests using only brief exposure prior to total immersion, sudden complete immersion of the larva would likely not permit sufficient swallowing of air to build buoyancy before sinking. Thus, the survival utility of this behavior is limited only to situations in which immersion would be gradual. As for body wall contractions between the two examined species, no significant difference was obtained between the two temperatures tested. Alteration in temperature has substantial effects on synaptic transmission at NMJs for insects. Such slowing down of synaptic transmission is likely to account for the slightly slower movements in body wall contractions and reduction in mouth hook movements at the lower temperatures, since they are not able to maintain the same degree of synaptic transmission.
In addition to differences in growth rate, size and some behaviors, the architecture of the neuromuscular junction and electrophysiology of the larvae are also different. The Ib and Is motor nerve terminals and the corresponding muscle six (m6) in segment four of the 3rd instar M. scalaris larvae show differences in their properties as compared to D. melanogaster. The motor nerve terminal innervation on muscle six is erratic in M. scalaris as compared to the more consistent patterns observed in D. melanogaster (Li et al., 2002) . The physiological differences were that the EPSPs for both the Ib and Is terminals are smaller and the resting membrane potential reduced (less negative) in M. scalaris. The time constants of the rise and decay are similar. However, the EPSPs show facilitation in M. scalaris, whereas in D. melanogaster the responses depress in the same physiological saline. Similarities exist between the two species in that they both have Type Ib and Is terminals innervating the m6 and m7 abdominal muscles. Also, the Is terminals in both species produce a larger EPSP than do the Ib terminals, and the field potentials for the Is varicosities are larger than those for the varicosities of the Ib. These differences are likely due to the increased number of vesicular events associated with the synapses contained in the Is terminal as compared to the Ib terminal.
Since the m6 muscle is substantially larger in M. scalaris in the wandering 3rd instar as compared to D. melanogaster, one may expect the amount of innervation on the muscle from the motor terminals to be proportional to the surface area or volume. We found it difficult to quantify the length of the Ib and Is motor nerve terminals of M. scalaris as compared D. melanogaster, since innervation occurred on the ventral and lateral sides on the m6 muscle as compared to the dorsal surface innervation in D. melanogaster. In growth studies of D. melanogaster from 1st instar to late 3rd instar stages, both m6 and its motor axons Ib and Is were characterized by second order regressions after the data was transformed with a natural log. The number of varicosities and terminal length of Is axon increases more rapidly than for the Ib axon throughout development (Li et al., 2002) . One might expect a reduced growth rate for M. scalaris, since their larval develop is reduced at 18 8C as compared to D. melanogaster.
The reduced amplitude of the EPSPs for the Ib and Is in M. scalaris might be a result of less innervation, but there could also be biophysical differences in the postsynaptic muscle fiber to account for this, since the events are measured in the muscle. However, the time constants for the rise and decay of the compound EPSPs were not significantly different between the two species (data not shown). Since there is no significant difference in the input resistance of the muscle fibers of the two species, which could have impacted the rising phase of the EPSPs, one would then predict that less transmitter is released from each synaptic varicosity or the receptivity of the muscle fiber is decreased in M. scalaris. Synaptic field potential recordings obtained directly over discrete-ly isolated varicosities of the Ib and Is terminals did reveal smaller evoked field potential for both terminals in M. scalaris. This is likely due to the fact that the mean quantal content for varicosities of the Ib and Is terminals for M. scalaris is less than that previously reported for D. melanogaster (Cooper et al., 1995b; Stewart et al., 1996; Kurdyak et al., 1994) .
The homoeostatic regulation of synaptic efficacy throughout development in D. melanogaster is not completely elucidated, but many studies note a strong correlation between the length of motor nerve terminals and synaptic strength of the varicosities with development of the muscle. Several studies have used genetic manipulations to address these issues in D. melanogaster (Petersen et al., 1997; Davis and Goodman, 1998 ) and mice (Sandrock et al., 1997) . Much of the structural regulation is at the level of the synapse. It has been demonstrated that homoeostatic regulation in nerve-muscle matching is correlative to the complexity of the synapses in containing greater or fewer active zones (Stewart et al., 1996) . Active zones are structural entities on the presynaptic membrane where vesicles dock to fuse with the membrane. Such differences in synaptic complexity account for the differences between the Ib and Is varicosities in D. melanogaster (Atwood et al., 1993; Kurdyak et al., 1994) and for high and low output synapses in crustaceans Cooper, 1995, 1996a,b; Cooper et al., 1995a Cooper et al., , 1996a Govind and Chiang, 1979; King et al., 1996) . To resolve this issue in relation to synaptic efficacy in M. scalaris, electron micrographic studies of the motor nerve terminals will need to be undertaken. To obtain an accurate assessment of the synaptic area and numbers of active zones per synapse, one would need serial, cross-sections and reconstruction via electron micrographs. At this point in time, we were not able to conduct such studies.
Future comparative investigations with other flies regarding the air gulping behavior in M. scalaris would be of interest to determine how broadly throughout insect evolution this potentially advantageous behavior is employed. In addition, further investigation into the composition of the larval hemolymph is needed in M. scalaris, since the synaptic transmission is quite different (i.e. low EPSP amplitude and high facilitation) from that of D. melanogaster. This could be accounted for, in part, by a low Ca2 yMg2 ratio in theHL3 media for M. scalaris. The difference we report may be due to non-physiologic based ionic content for this species. Slight alterations in ionic composition of the designed hemolymph-like salines for D. melanogaster show substantial changes in the characteristics of the EPSPs (Ball et al., 2003; Stewart et al., 1994) . Lastly, it would also be beneficial to obtain comparative information on the synaptic structure of the Ib and Is terminals.
